A 74-year-old male with chronic kidney disease presented to the emergency department with asystole. Mechanical chest compression was started immediately using a piston-type thumper device. The initial potassium level was 7.7 mEq/L and bedside point-of-care ultrasound (POCUS) revealed no pericardial fluid. With standard resuscitation and anti-hyperkalemia treatment, return of spontaneous circulation (ROSC) was achieved within 10 minutes of compressions. At 15 minutes post-ROSC, the patient went into pulseless electrical activity. A repeated POCUS discovered massive pericardial fluid suggesting the presence of cardiac tamponade. Bedside pericardiotomy was performed followed by open thoracotomy. Laceration of the right ventricular wall adjacent to the fracture site of sternum was found, implicating that it was the complication of mechanical chest compression. After surgical repair and intensive postoperative care, the patient survived with full conscious recovery at day 6 of admission. Our case emphasizes the importance of POCUS in resuscitation, especially when the patient's condition deteriorates unexpectedly.
Introduction
Although it is still under debate that mechanical chest compression devices (MCCDs) cause more benefit or more harm compared with manual chest compression, 1 they are increasingly used during cardiopulmonary resuscitation (CPR) to ensure reliable, continuous chest compressions in patients with out-ofhospital cardiac arrest (OHCA) or in-hospital cardiac arrest (IHCA). However, despite their increasing popularity, little evidence exists for their effectiveness. Reported complications for MCCDs included skeletal chest injuries, 2 pneumothorax, 3 laceration of spleen or liver, 4e6 and stomach rupture. 7 Laceration of heart chambers was rarely reported, if any. We report a serious complication of a MCCD causing right ventricular (RV) laceration which led to clinical deterioration after an initially successful resuscitation. Physicians should be aware of such severe complication of MCCDs if patients deteriorate unexpectedly or remain unstable after CPR.
Case report
A 74-year-old man suffered a cardiac arrest en route to hospital. His weight and height were 47 kg and 150 cm respectively. His past medical history was significant for renal cell carcinoma s/p surgical resection and chronic kidney disease with baseline creatinine level of 5.3 mg/dL. Upon arrival to the ED, OHCA with asystole was confirmed and CPR was started immediately using a piston-type thumper device (LIFE-STAT ® Hands-Free CPR System) followed by 1 mg epinephrine intravenously and endotracheal intubation. The bedside point-of-care ultrasound (POCUS) revealed no pericardial fluid ( Fig. 1) , no pleural fluid, and no ascites. As part of the OHCA routines, a rapid point-of-care blood gas analysis showed that his potassium level was 7.7 mEq/L (venous blood sample: pH 7.12, PO2 14.8 mm Hg, PCO2 82.1 mm Hg, HCO3 13.9 mEq/L). Boluses of sodium bicarbonate and calcium gluconate were given accordingly.
Return of spontaneous circulation (ROSC) was noted within 10 minutes of compressions. A 12-lead ECG showed sinus tachycardia of 132 bpm with peaked T waves. His systolic blood pressure (SBP) was kept around 90 mm Hg by 2 L of normal saline bolus and continuous norepinephrine infusion.
At 15 minutes post-ROSC, the patient lost his vital signs again and went into pulseless electrical activity (PEA). A repeated POCUS discovered massive pericardial fluid (Fig. 2) . Bedside pericardiotomy was performed immediately evacuating 1000 mL of fresh blood with clots. His SBP returned to 90e120 mm Hg after pericardiotomy and transfusion of 4 units of packed RBC. Sinus tachycardia of 120e140 bpm was noted on the ECG monitor. The patient was then transferred to the operating room for open thoracotomy. A laceration of the right ventricular wall adjacent to the fracture site of sternum was found, implicating that it was the complication of mechanical chest compression. After surgical repair and intensive post-operative care, the patient survived with full conscious recovery at day 6 of admission.
Discussion
Recent CPR guidelines emphasize on depth, rate, and continuity of chest compressions. Animal models and observational studies showed that the quality of manual chest compression might be inferior to mechanical chest compression.
8e10 A meta-analysis from 2013 which included 6538 OHCA patients claimed that the use of MCCDs correlates with a higher odds of ROSC, but long-term survival outcomes were not available. 11 On the other hand, in a systematic review from 2016 which involved 11,162 participants, the combined meta-analysis of MCCDs compared with manual chest compressions shown a better result with manual chest compression in rates of ROSC (for both OHCA and IHCA) and survival to discharge (for IHCA). 12 The 2014 Cochrane review also concluded that current evidence was insufficient to associate mechanical chest compressions during CPR with benefit or harm, and the widespread use of MCCDs was not supported. 1 In our patient presented above, the initial cause of cardiac arrest was hyperkalemic asystole. However, about 15 minutes after ROSC, he lost his vital signs again due to PEA caused by massive pericardial fluid. Immediate pericardiotomy was performed, followed by emergent thoracotomy. During surgery, it was confirmed that the bloody pericardial fluid was a result of RV laceration by a sharp end of the fractured sternum. ED physicians and the consulting surgeon were able to act quickly in response to the patient's worsening condition because of the help of a well-done POCUS, which clearly demonstrated a significant interval change in the amount of pericardial fluids and probably signs of cardiac tamponade.
In conclusion, we believed that MCCDs should not be seen as a replacement for manual CPR, but rather a supplemental treatment in the overall management of cardiac arrest patients. Though rare, cardiac free wall rupture remained a probable complication of MCCDs that should not be forgotten. With appropriate POCUS training, emergency physicians should be able to detect pericardial fluids or signs of cardiac tamponade as part of the resuscitation protocol.
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